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In  »ltu  Infrared  spectroscopy  of  Um  electrode -solution  interface  has 
recently  baan  used  to  characterise  a  variety  of  electrochemical  phenomena  ( 1- 
41.  Basically,  th r as  successful  techniques  exist  for  obtaining  such 
spectres  (a)  electrooodulated  specular  reflectance  l&l,  (b)  Fourier  tranafora 
Infrared  spectroscopy  at  dif f arantially  polarised  aurfacea  (21,  and  (cl 
polarisation  nodulatlan  specular  reflectance  (41.  In  this  paper,  we  look  at 
the  changes  in  the  coopoeite  structure  of  the  double  and  diffusa  layers  of  a 
platlMa  electrode  in  acetonitrile  solutions.  It  is  shown  that  the  technique 
is  sensitive  enough  to  observe  the  spectral  differences  in  adsorbed  and  bulk 
acetonitrile,  an  wall  aa  the  differences  in  the  solution  structure  as  anions 
are  specifically  adsorbed  at  potentials  positive  to  the  potential  of  sero 
charge.  Absorbance  changes  due  to  water  molecules  associated  with  the  anion 
end  acetonitrile  are  also  observed. 


sequential  potential  steps,  various  delay  tine  i 


i  sera  seed  to  record 


spectra  at  the  sees  tines  after  the  potential  wan  changed  aa  that  algal 
averaging  could  be  used  to  increase  aigul*to*Mia«  ratio  (7) .  The  spectra 
herein  are  the  difference  between  40  averaged  spectra  at  the  aanpla  and  baas 
potential.  The  baa#  potential  of  -4.40  V  va  Ag/Ag*  to. at  n  la  l.t  h 
t at rebut ylaanoniun  tatraf luoroborete  or  lithiun  perchlorate  in  acetoaitrl la I 
reference  wee  chosen  because  of  its  proximity  to  the  pac  of  plat  lea*  in  the 
chosen  electrolytes. (M 


Acetonitrile  (Caledon,  NPLC  grade,  0.00X4  water}  was  distilled  twice  free 


calciun  hydride,  end  stored  before  see  In  sealed  i 


alee  re  over  Movie  alumna 


or  grade  1|.  The  cells 


ecuua  oven  at  <40«C  before  see. 


end  dry  argon  admtted  to  the  oven  as  the  vacuus  wee  released.  Transfer  of 


Spectroscopy  and  Electrochemistry 


solvent /electrolyte  to  the  cell  was  aade  In  aa  argoe  filled  glove  beg. 
Electrolytes  were  purified  (7)  and  dried  similarly  la  a  vacum  oven  hat 


Spectra  wrt  recorded  on  a  Nicolet  7 Iff  FT l A  ayaten.  Potential  step 
program  ware  provided  by  a  Nl-Ttx  Instrument  0T2101  potent loa tat  and  PW1 
wavaforn  generator.  The  wave  fore  generator  was  trigger  ad  by  a  TFL  signal  from 
the  Nicolet  computer  denoting  the  beginning  of  data  acquisition.  For 


Calls,  Mountings,  and  Electrodes 

The  description  of  the  call  construction  and  the  naea tinge  for  the 
Nicolet  sample  cavity  has  bean  described  elsewhere  |7).  The  electrode  need 

pen 

was  a  platinum  mirror  that  had  haem  polished  with  4.44  nanaan  alwmaa  and 
dried  in  a  viewn  oven  iaawdletely  before  eae.  Solution  thick  seas  In  the 
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optical  path  was  detaraiaed  by  use  of  the  integrated  ast lection  coefficient 
net hod  ea  previously  described  ( 7  X • 
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Blftwtaual  apNtn  af  o  0.10  a  MlvtlM  of  mr»»wtylM«)«iuo 
muf lonufcnuli  la  OOhytooad  uotonitril*  m  a  (micuan  of  applied  poUttul 
•re  Mhm  to  flyer*  1*  Tlw  hm  potmlil  of  mcD  Ipactriw  li  HI. Ml  V  w  tho 
a%/h%*  nlWW  altctroa*.  fwk*  eatandlny  towwrt  coi respond  to  incrttitd 
ittrf* t —  of  itflMlM  M  tht  iif  1»  pouitlil  llwi  lUoibiftca  at  th*  faoao 
ftMtMl  it  H.N  fl.  Th*  omwh  la  trwa  foe  pMU  iitmllf  upwards, 
riyer*  2  *m  im  fictri  fra  tha  aM  eyatae  altar  it  u  Bade  0.  II  N  la 
water.  Meat  not! cable  ara  mm  absorbance  chanyo*  la  tha  ratio*  fro*  about 
UM  a*1  ta  17#*  CO*1.  around  l*M  »*’,  and  bvoadanlfiy  ta  th#  hint  around 

Itf  aa*'.  fpaetta  fiaa  tha  aaaa  afirtaaM  fifmai  an  a*  Mbytroia 
aalatia*  at  0.10  a  Uthlua  fare*  lor  a  to  ara  presented  u  rifra  J.  end  fipri  4 
yuan  tha  cwraapoMUf  spectra  aftar  Mtltian  at  watar.  aa  U  tha 
tatraf  laarabarata  ayataa.  fM  aalatia*  thickness  between  tin  vlMkw  tat  U*a 
alactroto  at  f.n  was  tha  aaaa  la  all  fear  eapeuasate. 

tha  cm  at  rate*  iflaa  hataaaa  UN  m a*4  MM  ■*'  la  observed  to  ho 
Mao  shifted  at  potentials  positive  to  tha  haaa  potential  la  all  caaaa.  tho 
perchlorate  aayaaatrta  at  rat  ah  faatoaental  rapt  a*  I  INI  aa*1!  la  not  ahiftM 
at  paaitiaa  oaaple  pataotlala.  hat  la  bvee toned.  further  hraatoniny  la 
aatlaat  la  tha  pcoaaaaa  at  aatat.  tha  aaaa  la  traa  at  tha  tatraf  laaraharata 
aalaa  Myaauii  atratah  raylao  INN  at"’),  aM  aaaa  fiaa  atrootara  appaara 
aa  tha  hand.  aertol  traaaal  aalaa  apactra  at  parch  lor  ata  ant  tatraf  laaraharata 
aalaa  to  aaataaltrlla  chav  «  fiaa  etructwre  to  tola  teyioo. 

nicuMior 

tha  apactra  aaatato  a  eenoltorahl*  aaahar  af  coop las  hands  ant  clearly 
thalv  tat  or  pc  at  at  laa  will  pM  total  lot  tad  erne  tie*  aa  tha  chenyes  to  tha 


number  ant  th*  nature  of  Milan  apacla*  on  tha  alactroto  amt t mem  ant  to  th* 
double  layer.  Certain  aspects  ar*  readily  oaplalnadi  tha  lecreealay 
adsorption  of  acetonitrile  with  tocraaatap  pool tin*  potential  beyond  H.l  y  u 
clear  (im  th*  proyroaoivoly  lncraaslny  Intonalty  of  th*  downward  eaten din* 
band  at  about  2)M  on"1  which  la  etronyly  bin#  ah if tad  by  the  par tar bat loa  of 
tho  aolecule  due  to  adaorptlon  ( 2 1  (hulk  acotonltrlla  yluaa  a  *cp  fandaaontal 
at  2220  cm"1  j  ,  th*  tocraaalny  Mount  of  anion  to  th*  daahl*  layer  la  shown  hy 
tha  other  dominant  downward  bento  at  1102  c*”1  and  10*0  cm-1  for  perchlorate 
and  tatraf luoroborata  respectively,  the  upward  oatandlny  f tea  structure  aa 
tha  -OtH  band  hatwaan  200  ca*’  and  2400  c*"1  to  daa  to  tocraaaad  abaorpttoa  by 
bulk  acatoattrila. 

Tha  cowplan  band*  hatwaaa  1100  «*’  and  MM  oa"'  and  also  near  l*M  ca'1 
ar*  particularly  Intaroatiny  and  they  can  he  ascribed  to  tho  atrotchlny  node* 
of  water  In  different  environaants.  th*  broad  hand  at  ISM  an*1  corresponds 
to  OKtoaeivoly  hydroyoe-bonded  watar.  possibly  associated  with  th*  aalaa.  and 
iecreeeiny  tn  latanatty  as  wore  anions  enter  th*  double  layer,  tha  sharper 
haato  of  opposite  up  near  H»  ca*1,  S»M  ca'1  and  HI*  «•“*  probably  aria* 
fiaa  water  uhtab  to  toes  perturbed  by  bydroyee  bondiny*  I  vary  likely 
con didst •  to  tb*  syawatrlcally  baa  tod  canplsa  between  tw  acotaaitrll* 
nolaculaa  Mid  on*  water  aalacula.  tbls  to  a  wall  characterised  apacla*  far 
uhtch  tha  »).  V|  and  wj  vibrational  no  daa  ara  at  tha  froywonclaa  yluaa  above 
10-11).  tho  intensities  at  those  haato  ara  aaaa  to  tocreeoo  aa  tha  patent lai 
to  onto  nor*  positive  Indies tiny  a  dacraaainy  population  af  this  maples. 

these  assl  yeasts  lead  to  a  Utopia  asp  lane  ties  af  the  fMtn  to  tori a  of 
th*  toprairwM  aa  the  alactroto  pat  sat  tol  of  tha  papa  let  loa  of  tha  vorleao 
opecteo  la  tha  optical  path,  da  a  aeaasyuaaor  at  ask  lay  tho  alactroto 
potential  sera  positive  there  la  aa  increased  mount  af  adaorhod  acataaitrlto 


I 


» 


•*d  ot  anions  In  the  double  Uytr.  hotwait  of  uuom  into  tha  double  layer 
Will  KKi  deplete  the  thin  layer  of  electrolyte  ttlituw  In  the 

optical  path  bacauaa  .ration  ot  the  1.1  J  electrolyte  eolutloo  vill  readily 
replenish  the  layen  thus  there  will  be  e  net  Increase  In  the  total  nuebri  of 
•nlono  *>  the  lh  bean  end  alao  ot  the  water  aaao elated  with  the*,  aa  in  ahown 
by  the  apvctra.  ha  a  result.  eo*e  scatonltrlla,  both  free  and  coeplaxed  with 
water,  will  be  displaced  fro*  the  fined  voluaa  of  the  thin  Layer  ea  la 
observed  fra*  changes  in  tha  acetonitrile  bands  and  in  the  bands  for  co*plan«d 
water,  particularly  at  high  potentials.  These  chan<yaa  are  au— anted  In 
Figure  S. 

There  ere  alao  contributions  fro*  the  cation.  A  bipolar  band  la  observed 
1»  tha  region  2900  -  I0M  c*"’  corresponding  to  the  C-W  stretch  of  TSAT.  Tha 
■ajor  pert  at  the  bend  in  upward  extending  which  corresponds  to  the  decrease 
in  the  Mount  of  the  cation  in  the  double  Layer  with  increasing  positive 
potential.  Tha  a*ell  loose  of  opposite  sign  indicate  also  that  there  are 
changes  in  the  detailed  band  shape. 

It  la  clear  fro*  tha  date  presented  here  that  the  net  hod  employed  will  be 
of  great  value  in  probing  changes  in  the  structure  of  the  electrical  double 
layer. 
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(t)  Differential  nflKtMc*  nil  spectra  of  0.10  h  t»tf butyliioatw 

tat raf Ivor oborate  la  .■hydroM  acetonitrile.  Solution  thicknesa  •  0.7) 
d crone.  Spectra  recorded  under  steady  state  conditions  et  each 
Indicated  potential.  Spectrum  et  the  -O.SO  v  base  potential  ms  always 
subtracted  Iron  those  obtained  at  (he  other  potential. 

(11  Sane  ea  Fife re  1  eacept  water  concentration  O.io  M. 

Ill  Differential  reflectance  mi  epectra  of  0.  U  n  lithium  perchlorate  in 
anhydrous  eceetonitrile.  For  other  notee,  s*  /ipure  1. 

(4)  lone  as  Fipare  1  eacept  meter  concentration  P  \0  H. 

(SI  Model  Mr.  ..  ^eount  for  epoctrel  obeer  vet  iota. 
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